Surface soil samples were collected from Sarcheshmeh Copper Smelter Plant and analyzed for 16 Polycyclic Aromatic Hydrocarbons (PAHs), polychlorinated dibenzo-p-dioxin/furans (PCDD/Fs), and heavy metals to determine their concentrations, distributions, and probable sources of contamination. The mean concentrations of ΣPAHs, As, Pb, Zn, Se, Cd, and Cr in the soil samples were 878.8, 850, 2185, 2455, 21, and 24 mg/kg, respectively. Besides, their Toxic Equivalents (TEQs) were calculated. The samples generally displayed elevated concentrations of heavy metals when finding the toxic values of dioxin/furan compounds in comparison to the limit values for industrial uses. The background concentrations, molecular indices, and ring classes of the heavy metals indicated that their sources and those of PAHs were both geogenic and pyrolitic. The mean concentrations of total PAHs, PCDD/Fs, and heavy metals were compared with the reports from industrial areas throughout the world and the contamination rates at Sarcheshmeh Copper Plant were found to be moderate.
Introduction
Huge areas of waste lands contaminated by persistent organic pollutants have been left due to the past industrial activities, such as coal exploitation by coking plants or steel smelting industries. The related pollutants include Polycyclic Aromatic Hydrocarbons (PAHs), organic compounds, heavy metals, and polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/PCDFs). A group of plant surrounding was divided into 20 stations for PAH, 20 stations for heavy metals, and 5 stations for dioxins/furans (Table 1) (Figure 1 ).
To determine heavy metals, the samples were diluted to appropriate volumes and analyzed for Pb, Se, Cr, Mn, Fe, As, Cu, Pt, Cd, and Zn ions using Atomic Absorption Spectrometry (AAS). After washing PAH and PCDD/F containers with n-hexane and drying them in an oven at 180˚C for 3 h, the samples were homogenized in the gas-tight seals made from aluminum-foiled screw caps, stored in pre-cleaned glass jars, and frozen in a cool box at 4˚C to be then transported to the laboratory. PCDD/F samples were extracted, chromatographically cleaned up, and quantified based on the current European Standard Protocols [30] and finally analyzed with toluene through High-Resolution Gas Chromatography/High-Resolution Mass Spectrometry (HRGC/HRMS) in a certified laboratory (Dr. Wessling Laboratory, Germany) following 48 h of extraction. 
Results and Discussion

Dioxin Concentrations in the Soils
The concentrations of PCDD/F in the soil samples were determined by using 
where Cn is each PCDD/F concentration in the sample and TEFn is TEF for that PCDD/F [31] . The total dioxin concentrations of the congeners of 2, 3, 7, 8-PCDD/Fs in Sarcheshmeh Copper Plant were converted into WHO-TEQ based on TEFs, which are presented in Table 2 . Maximum PCDD/F TEQ in the samples of Sarcheshmeh Copper Plant was calculated to be related to D4 ( (Table 2) . Dioxins and furans compounds are the by-products of industrial, chemical and combustion processes. In general, dioxin is formed during industrial processes when chlorine is burned alone or in combination with organic materials. PVC, rubber, and plastics have been introduced for the manufacture of 
Heavy Metal Concentrations in the Soils
Heavy metals derived from trace pedogenetic processes for weathering soil parent materials naturally exist in the soil environment at the levels regarded as trace levels (<1000·mg·kg −1 ), thus being rarely toxic [33] [34]. Soils may become contaminated by the accumulation of heavy metals. Due to the disturbance and acceleration of the naturally slow occurrence of geochemical cycle of metals by man, one or more heavy metals may be accumulated in most soils of rural and urban environments above the defined background values that can be high enough to ecosystems, plants, threaten human health, animals, or other media [35] . Substantial differences in Zn, Pb, Cu, As, Se, Cr, Mn, Pt, Fe, and Cd concentrations were observed in the soil samples of Sarcheshmeh copper Smelter plant ( [38] . In this research, sample S-H-20 was taken from the distance of 2 km to the West of Sarcheshmeh Copper Plant as a background sample that represented high concentrations of heavy metals. As a result, the amounts of heavy metals in Sarcheshmeh soil can be considered to be high throughout the region, while the activities in the copper smelter plant have further intensified their amounts in the soil. 
Concentrations of PAHs in the Soils
where Cn and TEFn represent PAH concentrations in the sample and TEF for those PAHs, respectively [20] . The statistically analyzed data are presented in Table 4 . The total concentrations of ΣPAHs in the soil samples ranged from 0.32 to 4461.91. Also, the concentrations of Σ carcinogenic PAHs (Np, BaA, Chr, BbF, BkF, BaP, DahA, and IP) and Σ non-carcinogenic PAHs (Acy, Ace, Fl, Phe, 2 -3 rings) was within the range of 7% and 49% compared to the total PAHs in the surface soil samples at Kerman Sarcheshmeh Copper Smelter Plant. The overall average percentage of PAHs concentrations of LMWs in the surface soil samples was found to be 21%. Most of the surface soil samples at Kerman Sarcheshmeh Copper Smelter Plant were found to have similar compositions based on the percentages of rings. This can indicate their probable common sources [48] . Based on abundance, the highest rate of rings was related to the compositions of 4 rings, which can be a representative of industrial and traffic pollutions according to Wilcke and Amelung [49] . The high rates of abundance for the compositions of 3 rings and 4 rings associated with high PAH concentrations in the samples were indicative of their combined and common origins. The highest rate of concentration for the compositions of 2 rings was discovered in the surface soil samples S-6 and S-10 (soils from the stock and south part of the guard station at the smelter plant entrance). It is noteworthy that the compositions of 2 rings like Naphthalene are known for their volatility and vaporization after being replaced on the surface soil. Regarding the facts that S-6 was related to the dust of stock and PAH recently produced and S-10 to the south part of the guard station at the smelter plant entrance where many cars always existed, PAHs were continuously in the process of production. S-10 was in the direction of the dominant wind in the area, thus being greatly affected by the stock. Considering its distance from the stock, almost the first falling of the exit particles from the stock occurred in the sample station and consequently, the compositions of 2 rings produced in these 2 samples did not have sufficient time for evaporation, thus showing high concentrations of 2-ring compositions. PAHs have 2 to 6 benzene rings in cluster, linear, and angular arrangements. These compounds are classified into High Molecular Weight (HMW) and Low Molecular Weight (LMW) compounds containing 4 -6 combined rings (e.g., dibenz[a, h]anthracene) and 2 or 3 benzene rings (e.g. naphthalene), respectively [26] [50] . A significant harm to ecosystem inhabitants including humans and animals can be caused by several HMW PAHs via a chronic exposure [51] . In this research, the dominant 4-ring PAHs, which were believed to be essentially produced through the industrial pollutions [49] , had a LMW/HMW ratio of <1 in most stations, thus indicating to be of similar pyrogenic sources.
Source of PAHs
To interpret the PAH sources, the following common aromatic diagnostic criteria were used: abundance ratio of 2-to 3-ring hydrocarbons to 4-to 6-ring hydrocarbons (LMW/HMW), Flu/(Flu + Pyr), Ant/(Ant + Phe), BaA/(Ba + Chr), and BaA/Chr [52] 
Conclusion
There is a global legacy for the polluted soils contaminated by a variety of chemicals from a wide range of industries, such as steel smelting plants, electricity generators, oil refining factories, and mining sources. Soils are considered as "contaminated" when they have excessive amounts of an element or compound, which create a toxic response to biota that result in unacceptable risks to the environment or human health through a direct or indirect exposure. In this investigation, the concentrations, distributions, and probable sources of 16 PAHs, 17 dioxin/furans, and some heavy metals were detected in Sarcheshmeh Copper
Smelter Plant. High levels of the mentioned compounds were found in the shortest distance from the smelter plant stock. Petroleum combustion products were found to have mainly produced PAHs in the soil samples. The major pyrolytic source for the PAHs in the study area was related to industrial activities. In comparison to the soil profiles of the different parts of the world, studied soil samples demonstrated a low-to-moderate contamination with heavy metals, PCDD/Fs, and PAHs through analysis.
